1. Introduction
===============

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn\'s disease (CD), is a type of chronic bowel inflammation diseases that relapse episodes with unknown aetiology.^\[[@R1],[@R2]\]^ It has been widely accepted that IBD is the consequence of overly activated response of mucosal immune system to the environmental, dietary, or infectious antigen in a genetically susceptible host.^\[[@R3]\]^ Studies on the animal models have indicated that aggressive cell-mediated immune caused by commensal enteric bacteria plays a vital role in the development and maintenance of IBD.^\[[@R4],[@R5]\]^ Evidence from patients also showed innate immune system would be activated and aberrant immune response would be initiated through secreting inflammatory mediators caused by endogenous bacterial flora, which would result in IBD.^\[[@R6]\]^

Therapy of IBD often involves induction of remission and prevention of relapses.^\[[@R7],[@R8]\]^ Corticosteroids are initially used to induce remission, but the maintenance is often less successful, and patients treated with long time corticosteroids may suffer several complications including growth failure or osteopenia.^\[[@R9]\]^ Guidelines^\[[@R10]\]^ have recommend aminosalicylates as a maintenance treatment. Clinical treatment with aminosalicylates for patients with IBD is well established to maintain remission.^\[[@R11]\]^ But also the effect is contentious and some potential complications are observed, such as infection, hepatitis, leucopenia, and pancreatitis.^\[[@R12],[@R13]\]^ Modification of the bacterial microenvironment in bowel is another therapy to induce or maintain remission in IBD.^\[[@R14],[@R15]\]^ Using antibiotics to remove the bacteria with potential inflammatory is a seemingly feasible solution, but the use of antibiotics is limited.^\[[@R16],[@R17]\]^ Another option is to use probiotics which could solve inflammation though improving its intestinal microbial balance.^\[[@R18]\]^

Probiotics are live microorganisms that intend to provide positive efficacy on the treatment of traveler\'s diarrhea, diarrhea caused by the human immunodeficiency virus, and difficile colitis relapses.^\[[@R19],[@R20]\]^ After ingested, probiotics could inhibit the overgrowth of potentially pathogenic bacteria to modify the composition in bowel, which have beneficial effects on human health.^\[[@R21]\]^ Several animal models have proved the effectiveness of probiotic therapy for patients with IBD.^\[[@R22]\]^ For patients, some studies have also conducted with *Escherichia coli* Nissle 1917 (EcN 1917), *Saccharomyces boulardii* and VSL\#3, and these yeasts have been reported to have some beneficial effects in IBD.^\[[@R23]--[@R25]\]^

Despite the fact that several studies have studied the effect of different probiotics, inconsistent results about the therapeutic efficacy of probiotics have been reported. This study is aimed to evaluate the effect of probiotics to maintain remission and cause complication in IBD patients.

2. Materials and methods
========================

This work was no request of patient consent and ethical approval because it is a meta-analysis.

2.1. Search strategy
--------------------

A comprehensive search of the articles about the effect of probiotics for inflammatory bowel disease was performed adhering to the procedures of meta-analyses guidelines. The pertinent studies were published from inception to December 2017 among multiple databases including PubMed, Springer, Embase, OVID and Cochrane databases. There is no language restriction in our study. Patients of all age groups were evaluated. The following terms were used in the process of literature searching: inflammatory bowel disease OR IBD OR ulcerative proctocoliti OR ulcerative colitis OR UC OR Crohn\'s disease OR CD; probiotics OR Lactobacillus OR *E coli* Nissl OR *S boulardii*. To search out all the relevant studies, 2 team members searched the literature independently and the reference lists should also be examined to obtain additional studies that not identified before. The articles searched out were screened for further selection.

2.2. Citation selection
-----------------------

We screened the titles and abstracts of the articles identified above and downloaded full texts that met the inclusion criteria. Then the full texts were reviewed to extract data.

The inclusion criteria that studies included in this study must meet including:

1.  A randomized control trial (RCT) or controlled clinical trial (CCT) study;

2.  Comparison between probiotics and placebo;

3.  Patients with inflammatory bowel disease;

4.  Availability of full text.

The exclusion criteria including:

1.  Nonrandomized studies;

2.  Studies on other treatment measures;

3.  Studies without comparable results;

The process of selection was conducted independently and attentively, and 2 members of our team determined the final target articles together. Then, these 2 researches met and reached a consensus. If any problems of poor agreement occurred or no consensus could be achieved, a third investigator involved to solve the controversy.

2.3. Data extraction
--------------------

Two of the reviewers read the full text of the studies included independently and extracted the detail data from each study with a standard data extraction form. The data extracted included the first author\'s name, year of publication, year of onset, age range of patients, sample size (probiotics/placebo), sex distribution (male/female), and outcome parameters. In this study, outcome parameters included, which were collected to estimate the clinical effect.

2.4. Risk of bias
-----------------

According to the Review Manager 5.3 Tutorial, risk of bias in this study was assessed (Table [1](#T1){ref-type="table"}). The assessment including: random sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting; other bias. The disagreements about the biases were resolved by discussion, and if it is necessary, a third investigator was the adjudicator.

###### 

Detailed characteristics of the included studies.
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2.5. Statistical analysis
-------------------------

The meta-analyses in our study were performed with the Review Manager 5.0 (The Cochrane Collaboration, 2011) to estimate the different effect between probiotics and placebo group in patients with inflammatory bowel disease. Heterogeneities of the meta-analyses were investigated and reflected by the *I*^2^ statistic across studies. Random-effect models were adopted if *I*^2^ is \>50%, which means significant heterogeneity was observed. Otherwise a fixed-effect model was chosen. For binary outcomes, related ratio (RR) with 95% confidence intervals (CIs) was calculated. In this study, *P* value \< .05 was considered a statistically significant result.

3. Results
==========

3.1. Search results
-------------------

Totally 745 titles were initially searched out in databases after the primary selection, and finally 10 studies^\[[@R26]--[@R35]\]^ eventually satisfied all the inclusion criteria mentioned. The other 735 articles were excluded for duplication, irrelevant studies, inappropriate outcomes, reviews, without primary outcomes, not RCT, or not a full-text. The process of the selection about our study has been shown in Figure [1](#F1){ref-type="fig"}. Among these 10 articles, 3 were involved in the comparison between probiotics and mesalazine, while the other 7 studies compared the effect between probiotics and placebo.

![Flow diagram of study identification and inclusion.](medi-97-e13792-g002){#F1}

3.2. Characteristics of included studies
----------------------------------------

Detailed about the selected studies were performed in Table [2](#T2){ref-type="table"}, which includes the first author\'s name, year of publication, year of onset, age range of patients, sex distribution (male/female), experiment group, control group, sample size (experiment/control), and outcome measurements. These articles were published from 1999 to 2013. The sample size ranges from 11 to 222. In total, 1049 patients were included in these studies, and experiment and control groups were 528 and 521, respectively.

###### 

The risk of bias table in this meta-analysis.
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3.3. Meta-analysis about the remission rate between EcN 1917 and mesalazine group
---------------------------------------------------------------------------------

The 3 included articles in our study were involved in the comparison of the remission between EcN 1917 and mesalazine group. Figure [2](#F2){ref-type="fig"} shows the forest plot of the remission in different groups. According to the forest plot, all these 3 studies showed no difference, and the meta-analysis suggested that these 2 groups have no significant difference in overall effect (RR = 0.94, 95%CI \[0.86, 1.03\], *P = *.21; *P* for heterogeneity = .84, *I*^2^ = 0%).

![A forest plot for the comparison of remission rate between EcN 1917 and mesalazine group.](medi-97-e13792-g004){#F2}

3.4. Meta-analysis about the relapse rate between EcN 1917 and mesalazine groups
--------------------------------------------------------------------------------

Forest plots for the relapse rate in EcN 1917 and mesalazine groups were shown in Figure [3](#F3){ref-type="fig"}. All the 3 articles included in the meta-analysis have a similar result, and the overall results suggested that in the articles included, probiotics group has a similar relapse risk compared with mesalazine group (RR = 1.04, 95%CI \[0.82, 1.31\], *P = *.77; P for heterogeneity = .57, *I*^2^ = 0%).

![A forest plot for the comparison of relapse rate between EcN 1917 and mesalazine group.](medi-97-e13792-g005){#F3}

3.5. Meta-analysis about the complication rate between EcN 1917 and mesalazine groups
-------------------------------------------------------------------------------------

Only 2 of 10 included studies were involved in the complication of post-treatment. The forest plot for the rate of complication in EcN 1917 and mesalazine groups was shown in Figure [4](#F4){ref-type="fig"}. Both these 2 studies showed that no statistical difference of the rate of complication was observed, and the meta-analysis suggested similar rate of maternal complication (RR = 1.12, 95%CI \[0.86, 1.47\], *P = *.39; *P* for heterogeneity = .24, *I*^2^ = 27%).

![A forest plot for the comparison of complication rate between EcN 1917 and mesalazine group.](medi-97-e13792-g006){#F4}

3.6. Meta-analysis about the remission rate between probiotics and placebo groups
---------------------------------------------------------------------------------

The 4 articles selected in our study were involved in the comparison of the remission between probiotics and placebo groups. Figure [5](#F5){ref-type="fig"} shows the forest plot of the remission in probiotics and placebo groups. Among these 4 studies, 3 studies showed no difference, while the other one showed that the remission rate in probiotics group was much higher than that of placebo group. The overall meta-analysis results suggested that these 2 groups have no significant difference in remission rate (RR = 1.46, 95%CI \[0.94, 2.26\], *P = *.09; *P* for heterogeneity = .06, *I*^2^ = 60%). Subgroup analyses were preformed basing on the types of probiotics. The forest plot of subgroup analyses was presented in Figure [6](#F6){ref-type="fig"}. Schultz conducted a comparison of lactobacillus GG, which showed no difference (RR = 0.96, 95%CI \[0.55, 1.96\], *P = *.89), while the combined results of other 3 studies involving in VSL\#3 demonstrated that the rates of remission in probiotics group were much higher than that of placebo (RR = 1.67, 95%CI \[1.06, 2.63\], *P = *.03).

![A forest plot for the comparison of remission rate between probiotics and placebo groups.](medi-97-e13792-g007){#F5}

![A forest plot for the subgroup comparison of remission rate between probiotics and placebo groups.](medi-97-e13792-g008){#F6}

3.7. Meta-analysis about the relapse rate between probiotics and placebo groups
-------------------------------------------------------------------------------

The 4 included articles were involved in the comparison of the relapse between probiotics and placebo groups. Figure [7](#F7){ref-type="fig"} shows the forest plot of the relapse rate in these 2 groups. Among these 4 studies, 3 studies showed no difference, while the other one showed that the relapse rate in control group was much higher than that of probiotics group. Moreover, the overall meta-analysis results indicated no significant difference in relapse rate (RR = 0.84, 95%CI \[0.46, 1.55\], *P = *.59; *P* for heterogeneity = .07, *I*^2^ = 57%). Subgroup analyses were also conducted basing on the probiotics. The subgroup analyses forest plot was presented in Figure [8](#F8){ref-type="fig"}. Both the comparisons of *S boulardii* and lactobacillus GG have showed no significant difference (RR = 0.89, 95%CI \[0.66, 1.22\], *P = *.48; RR = 1.39, 95%CI \[0.64, 2.99\], *P = *.41, respectively), while the comparison of VSL\#3 suggested that the relapse rate of control was much higher than that of probiotics (RR = 0.29, 95%CI \[0.10, 0.83\], *P = *.02).

![A forest plot for the comparison of relapse rate between probiotics and placebo groups.](medi-97-e13792-g009){#F7}

![A forest plot for the subgroup comparison of relapse rate between probiotics and placebo groups.](medi-97-e13792-g010){#F8}

3.8. Meta-analysis about the complication rate between probiotics and placebo groups
------------------------------------------------------------------------------------

The 5 studies were involved in the comparison of the complication rate between probiotics and placebo groups. The forest plot of the complication rate in these 2 groups was performed in Figure [9](#F9){ref-type="fig"}. As all these 5 studies showed no difference, the overall meta-analysis results suggested no significant difference in complication rate between probiotics and placebo groups (RR = 1.06, 95%CI \[0.84, 1.33\], *P = *.64; *P* for heterogeneity = .67, *I*^2^ = 0%). According to the different types of probiotics, forest plot of subgroup analyses was showed in Figure [10](#F10){ref-type="fig"}. All types of probiotics including *S boulardii*, lactobacillus GG and VSL\#3 have showed no significant difference (RR = 1.05, 95%CI \[0.80, 1.37\], *P = *.72; RR = 0.81, 95%CI \[0.33, 2.00\], *P = *.64; RR = 1.14, 95%CI \[0.73, 1.79\], *P = *.56, respectively).

![A forest plot for the comparison of complication rate between probiotics and placebo groups.](medi-97-e13792-g011){#F9}

![A forest plot for the subgroup comparison of complication rate between probiotics and placebo groups.](medi-97-e13792-g012){#F10}

3.9. Bias analysis
------------------

Relatively high heterogeneities in the meta-analysis of remission rate and relapse rate between probiotics and placebo groups were observed (*I*^2^ = 60% and 57%, respectively). Despite the fact that high heterogeneities were observed, we did not assess the publication bias in our study for the fact that few articles were included.^\[[@R36]\]^

4. Discussion
=============

Until now, there have no standard therapy for IBD and the most common treatment option is to establish systemic or topical immunoregulation with mesalazine or sulfasalazine, which could reduce the associated risk of cancer in bowel.^\[[@R37],[@R38]\]^ Unfortunately, previous studies have reported several serious adverse effects about the use of mesalazine after long time follow-up^\[[@R39],[@R40]\]^; thus an alternative therapy is required. It has been reported that almost 40% of adults and children who suffered with IBD have treated with alternative therapies such as probiotics, which may mediate the inhibition of nuclear factor kB.^\[[@R41],[@R42]\]^

Organisms present in probiotic preparations include *S boulardii*, Lactobacillus GG, EcN 1917, and VSL\#3. *S boulardii* has been showed the prevention of recurrences on Clostridium difficile infection, and animal models have reported the effects in IBD.^\[[@R43],[@R44]\]^ There were few data about the effect of *S boulardii* on patients with IBD, but the reduction of clinical features about inflammation and reinforcement of intestinal epithelial barrier were observed in previous studies.^\[[@R45]--[@R47]\]^ Lactobacillus GG (LGG) has been used as the treatment of rotavirus, acute diarrhea, and atopic disease in at-risk infants.^\[[@R48],[@R49]\]^ It could modify bacterial flora in human bowel. EcN 1917 is one of the most common strains used as probiotics in IBD patients, and the specific characteristics like the unique structure of lipopolysaccharide and biofilms formation in different conditions make it survive in the gut.^\[[@R50],[@R51]\]^ VSL\#3 consists of 8 different bacterial species, which has been shown to be effective in infection disease, such as chronic pouchitis.^\[[@R52],[@R53]\]^

In our study, we preformed meta-analyses of the remission, relapse, and complication rate between EcN 1917 and mesalazine. Although safe and well tolerated, there was no significant difference either in the EcN1917 group or among patients treated with mesalazine. Generally, experiment-control studies are presented to test the difference. However, due to the fact that mesalazine has been regarded as the established gold standard therapy, the results in our study were aimed to demonstrate the equivalence. The meta-analyses suggested that EcN1917 provided similar efficacy in remission, relapse and complication rate compared with mesalazine.

We also conducted the comparison of the efficacy between IBD patients treated with probiotics and placebo. All the combined results about the efficacy in remission, relapse, and complication rate showed no significant difference between probiotics and placebo groups. As 3 types of probiotics including *S boulardii*, Lactobacillus GG and VSL\#3 were involved in the meta-analyses, the subgroup analyses were conducted. Though no difference was observed in remission rate of Lactobacillus GG, VSL\#3 showed higher remission rate than that of placebo group (RR = 1.67, 95%CI\[1.06, 2.63\]). Both *S boulardii* and Lactobacillus GG showed similar result about the relapse rate in subgroup mate-analysis, but the relapse of patients with placebo showed higher rate than VSL\#3 (RR = 0.29, 95%CI\[0.10, 0.83\]). The frequency of complications was similar in all subgroups. The side-effects motioned in the studies were relatively minor including diarrhea, abdominal pain, arthralgia, bdominal bloating, and some discomfort.

In summary, EcN 1917 has a similar efficacy with the mesalazine, the commonly used drug for IBD patients. While both *S boulardii* and Lactobacillus GG showed no advantage compared with placebo, the mixed probiotics, VSL\#3, presented better results.

There were some potential limitations in this study. Some high heterogeneity was observed in the meta-analyses. As subgroup analysis has been conducted, high heterogeneity was attributable to the different types to some extent. Few articles have been involved in our studies and few patients were enrolled in the trials, which could generate the possibility of bias. Besides, some other parameters of the patients could influence the result of the treatment and increases the risk of flare-up.^\[[@R54]\]^ Future studies with high quality about the different probiotics used to IBD patients should be conducted.

5. Conclusion
=============

In conclusion, according to its pathogenesis, the use of some types of probiotics could prevent the induction of inflammatory reactions in patients with IBD. EcN 1917 shows comparable efficacy and safety to mesalazine, and VSL\#3 shows better effects than placebo. These probiotics could be considered as an alternative for patients with IBD.
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